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SPECIFICATION 

DELTA-SIGMA TYPE FRACTION DIVISION PLL SYNTHESIZER 

TECHNICAL FIELD 
[0001] 

The present invention relates to a delta-sigma type 
fraction division PLL synthesizer that allows reduction of an 
output spurious. In particular, the present invention relates 
to a delta-sigma type fraction division PLL synthesizer that 
allows characteristics improvement in comparison with the prior 
art . 

BACKGROUND ART 
[0002] 

Fig. 3 is a bloclc diagram of a prior art of a delta-sigma 
type fraction division PLL synthesizer. In this delta-sigma 
type fraction division PLL synthesizer, a reference signal f ref 
outputted from a temperature compensated oscillator (TCXO) 7 
is applied on one input terminal of a phase comparator (PD) 3. 
Further, an output signal fo of a voltage controlled oscillator 
(VCO) 1 is frequency-divided by a variable divider 2A and then 
outputted as a signal fdiv. The signal fdiv outputted from the 
variable divider 2A is applied on the other input terminal of 
the phase comparator 3 . As a result, the phase dif f erencebetween 
the reference signal fref and the signal fdiv is detected by 




the phase comparator (PD) 3. Then, a voltage pulse having a 
pulse width corresponding to the phase difference between the 
reference signal fref and the signal fdiv is transmitted from 
the phase comparator 3 to a charge pumping circuit (CP) A. 
[0003] 

From the charge pumping circuit 4, a charge pump output 
current Icp is outputted that can take any one of the states 
of discharging and suctioning of the current and the state of 
high impedance (Hi-Z) in response to the voltage pulse outputted 
from the phase comparator 3. The charge pump output current 
Icp is smoothed by a loop filter 5 constructed from a low pass 
filter, then converted into a voltage, and then inputted as a 
control voltage to the voltage controlled oscillator 1. 

[0004] 

As described above, the output signal fo of the voltage 
controlled oscillator 1 is frequency-divided by the variable 
divider 2A and then fed back as the comparison signal fdiv to 
the phase comparator 3. 

[0005] 

Thus, when the division ratio of the variable divider 2A 
is expressed by [M+ (K/L) ] while the frequency of the reference 
signal fref is denoted by fref, the frequency of the output signal 
fo of the voltage controlled oscillator 1 (the frequency is 
denoted by the same symbol fo as the output signal fo itself, 
for simplicity) is expressed as follows. 
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[0006] 

fo=[M+(K/L) ]xfref ...(1) 

Here, M, K, L: positive integer values, 

M: integer part division ratio, and 
K/L: decimal part division ratio. 
The variable divider 2A is provided with: an integer 
division ratio input terminal for inputting a value 8 of the 
integer part division ratio M; and a division ratio switching 
terminal for inputting a signal for changing the division ratio 
from M to M+1. This configuration allows the division ratio 
to be switched to M or (M+1). Specifically, the variable divider 
2A usually has a division ratio of M. Then, only when a division 
ratio switching signal is inputted to the division ratio 
switching terminal, the division ratio is changed into (M+1) . 
This realizes an average division ratio of [M+ (K/L) ] . 
[0007] 

Such changing of the division ratio can be implemented 
by an L-value accumulator 11 that constitutes a delta sigma 
section. Specifically speaJcing, an overflow signal 9 of the 
L-value accumulator 11 is inputted to the division ratio 
switching terminal of the variable divider 2A. Thus, only when 
the overflow signal 9 is generated in the L-value accumulator 
11, the division ratio of the variable divider 2A becomes (M+1) . 
This realizes an average division ratio of [M+ (K/L) ] . 

[0008] 
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The L-value accumulator 11 generates an overflow signal 
9 when the accumulated value reaches a value L. Specifically, 
the L-value accumulator 11 is constructed from: an L-value adder 

12 that receives a K-value 15 as one input; and a data latch 

13 for providing its own hold value, that is, a data latch output 
14, to the L-value adder 12 as the other input. The data latch 
13 holds an addition output 10 of the L-value adder 12 in response 
to the reference signal fref or the signal fdiv. 

[0009] 

By virtue of this configuration, in the L-value accumulator 
11, its output increases by a value K in response to a clock 
(signal) equal to the reference signal fref or the signal fdiv. 
Then, when overflow occurs in the L-value adder 12, the division 
ratio becomes M+1. During the time that no overflow signal 9 
is generated, the division ratio remains at M (see, for example, 
Non-Patent Document 1). 
[0010] 

Principles of operation of the delta sigma section are 
described below with reference to Fig. 4. Fig. 4 shows: the 
reference signal fref; the K-value 15 inputted to the adder 12; 
the output 14 of the data latch 12; the output 10 of the adder 
12; the overflow signal 9; and the division ratio of the variable 
divider 2A, in the case of a division ratio=K/L=l/8 . 

[0011] 

In the fraction division PLL synthesizer, the division 
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ratio of a usual variable frequency divider 2A is changed 
time-dependently so that a division ratio having a fraction value 
is realized as the averaged value. When the one period of the 
reference signal fref=l/fref is defined as one clock time, the 
division ratio changes from M to M+1 once during L clock times 
(duration T) . In this case, the average of the division ratio 
in the duration T is expressed by M+ (1/L) . This term (1/L) of 
fraction part can be extended into (K/L) . That is, in the case 
of K=l, 2, 3..., the division ratio can be set up by the (1/L) 
step unit. 

[0012] 

Further, in general, it is known that when a "MASH" is 
formed by connecting a plurality of delta sigma circuits, noise 
characteristics is improved in the delta sigma configuration 
(see, for example, Non-Patent Document 2) . 

Patent Document 1: JP-A No. 2000-052044 

Patent Document 2: JP-A No. H05-500894 

Non-Patent Document 1: The Institute of Electronics, 
Information and Communication Engineers, Transactions C-1 , VOL. 
J76-C-1, NO. 11, pp. 445-452, November 1993, "A High-Speed 
Frequency Switching Synthesizer Using Fraction Division 
Method" . 

Non-Patent Document 2: IEEE JOURNAL OF SOLID-STATE 
CIRCUITS, VOL. 24, NO. 4, AUGUST 1989, pp. 696, "A 17-bit 
Oversampling D-to-A Conversion Technology Using Multistage 




Noise Shaping". 

Non-Patent Document 3: IEEE JOURNAL OF SOLID-STATE 
CIRCUITS, VOL. 38, NO. 5, MAY 2003, pp. 782, "A 17-mW Transmitter 
and Frequency Synthesizer for 900-MHz GSM Fully Integrated in 
0.35-um CMOS". 

DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 
[0013] 

Nevertheless, in the configuration of the prior art 
described above, mainly owing to (a) , (b) , and (c) described 
below, a spurious has been generated at a frequency detuned by 
Af=fref X (K/L) relative to the output signal fo of the voltage 
controlled oscillator 1. 

[0014] 

(a) Periodicity of the overflow signal 9. 

(b) Leakage of periodic operation noise of the 
L-value accumulator 11 into the charge pumping circuit 4 and 
the like. 

(c) The case that the decimal part division ratio 
(K/L) is 1/2^. 

As for (a) , as shown in Non-Patent Document 2, when the 
L-value accumulators 11 are connected in multi-stage, a 
countermeasure is achieved in principle. 

[0015] 
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Nevertheless, among the spurious generated by the cause 
(b) , in the case of a spurious generated when Af is small (the 
frequency is close to the output signal fo of the voltage 
controlled oscillator 1) , that is, a low frequency spurious that 
cannot be attenuated by the loop filter 5, no essential 
countermeasure has been available. 

[0016] 

Further, as for (c) , there has been a problem that a spurious 
is easily generated in principle. 
[0017] 

Thus, an object of the present invention is to provide 
a delta-sigma type fraction division PLL synthesizer that allows 
sufficient attenuation in the spurious caused by periodic 
operation noise of the L-value accumulator, in particular, in 
the low frequency spurious that has not been removed by a loop 
filter in the prior art. 

MEANS FOR SOLVING THE PROBLEM 
[0018] 

A delta-sigma type fraction division PLL synthesizer of 
the present invention comprises : a voltage controlled oscillator 
(1) ; a variable divider (2) that has a division ratio switchable 
betweenM (M is a positive integer ) , (M+1), and (M-1) and performs 
frequency dividing of an output signal fo of the voltage 
controlled oscillator (1); a phase comparator (3) for performing 
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phase comparison of an output signal fdiv of the variable divider 
(2) with a reference signal fref; a filter (5) for smoothing 
an output signal of the phase comparator (3) and then feed-backs 
the signal to the voltage controlled oscillator (1); a first 
L-value accumulator (31) (L is a positive integer) for 
accumulating a value Kl (18) (Kl is an integer) ; a second L-value 
accumulator (30) for accumulating a value K2 (19) (K2 is an 
integer) ; and an adder (29) for subtracting an overflow signal 
(17) of the second L-value accumulator (30) from an overflow 
signal (16) of the first L-value accumulator (31) . 
[0019] 

Then, in the delta-sigma type fraction division PLL 
synthesizer, the values Kl (18) and K2 (19) are set into values 
that satisfy K1-K2=K and have absolute values larger than a value 
K (K is a positive integer) . Further, an output signal of the 
adder (29) is provided as a division ratio switching signal to 
the variable divider (2) . As a result, when the output signal 
of the adder (29) has a zero value, the division ratio of the 
variable divider (2) is set into M. Further, when the output 
signal of the adder (29) has a positive value, the division ratio 
of the variable divider (2) is set into (M+1) . Furthermore, 
when the output signal of the adder (29) has a negative value, 
the division ratio of the variable divider (2) is set into (M-1) , 
Accordingly, the average division ratio of the variable divider 
(2) becomes M+ (K/L) • 
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[0020] 

Here, the first L- value accumulator (31) is constructed 
from: a first L-value adder (22) that receives, for example, 
the value Kl (18) (Kl is an integer) as one input; and a first 
data latch (24) for providing its own hold value to the first 
L-value adder (22) as the other input. The first data latch 
(24) holds an output of the first L-value adder (22) in response 
to the reference signal fref or the output signal fdiv of the 
variable divider (2) . 

[0021] 

Further, the second L-value accumulator (30) is 
constructed from: a second L-value adder (23) that receives, 
for example, the value K2 (19) (K2 is an integer) as one input; 
and a second data latch (25) for providing its own hold value 
to the second L-value adder (23) as the other input. The second 
data latch (25) holds an output of the second L-value adder (23) 
in response to the reference signal fref or the output signal 
fdiv of the variable divider (2) . 

[0022] 

The operation of the above-mentioned delta-sigma type 
fraction division PLL synthesizer is described below. As a 
countermeasure against the low frequency spurious that cannot 
be attenuated by the loop filter (5) among the spurious generated 
by the cause (b) described above, two L-value accumulators (31, 
30) are employed as shown in Fig. 1, in place of the L-value 
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accumulator (11) constructed from a single circuit in the prior 
art. Then, for a desired fraction division ratio data K-value 
(15), aKl-value (18) andaK2-value (19) (both are integer values) 
that satisfy 

K-value (15) = Kl-value (18) - K2-value (19) ...(2) 
are inputted to the first L-value accumulator (31 ) and the second 
L-value accumulator (30) . For example, when a K-value (15) =1 
need be set up, a Kl-value (18) =5 and a K2-value (19) =4 that 
satisfy Equation (2) are set up. 

[0023] 

By virtue of this, the operation noise of the first L-value 
accumulator 1 (31) and the second L-value accumulator 2 (30) 
shifts from a low frequency spurious Af=fref x (1/L) in the prior 
art to high frequency components like Afl=frefx (5/L) and 
Af2=f ref X (4/L) . Accordingly, the spurious generated by the 
cause of periodic operation noise of the L-value accumulators 
(31, 30) is attenuated almost completely by the loop filter (5). 

[0024] 

Further, in the above-mentioned configuration of the 
del ta-sigma type fraction division PLL synthesizer of the present 
invention, when the following construction is employed, a 
delta-sigma type fraction division PLL synthesizer is obtained 
that has a configuration of n-th order higher than second order. 
That is, in this delta-sigma type fraction division PLL 
synthesizer, in the above-mentioned configuration of the 



- 10 - 



delta-sigma type fraction division PLL synthesizer, a second 
adder is further provided that subtracts the output value of 
the second L-value accumulator (specifically, the output value 
of the second L-value adder) from the output value of the first 
L-value accumulator (specifically, the output value of the first 
L-value adder) . Further, n stages ranging from a first stage 
to a n-th stage of delta sigma sections are provided that are 
constructed from the first L-value accumulator, the second 
L-value accumulator, the first adder, and the second adder. 
Furthermore, provided are: first through (n-l)-th 
differentiation circuits for differentiating an overflow signal 
of each of the second stage through the n-th stage delta sigma 
sections respectively once through n-1 times; a third adder for 
adding an overflow signal of the first stage delta sigma section 
and an output of the first through (n-l)-th differentiation 
circuits; and a distributor that receives an output value of 
the second adder inputted to the next stage delta sigma section, 
and then distributes the value into two values in such a manner 
that the total of the two values should equal the output value 
of the second adder. 

EFFECT OF THE INVENTION 
[0025] 

According to the delta-sigma type fraction division PLL 
synthesizer of the present invention, first and second L-value 
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accumulators are provided. The difference between overflow 
signals of the first and the second L-value accumulators is 
acquired by an adder, so that in response to an output signal 
of the adder, a division ratio of a variable divider is switched 
between M, M+1, and M-1. By virtue of this, the frequency of 
a spurious generated by operation noise of the first and the 
second L-value accumulators is shifted to a frequency component 
higher than the prior art. As a result, the operation noise 
is easily removedby a filter (lowpass filter) 5 so that reduction 
of a spurious is achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] 

[Fig. 1] Fig. 1 is a block diagram showing a configuration 
of a delta-sigma type fraction division PLL synthesizer of 
Embodiment 1 of the present invention. 

[Fig. 2] Fig. 2 is a timing chart showing time-dependent 
change in signals of respective parts of an accumulator and in 
a division ratio of a variable divider in Embodiment 1 of the 
present invention . 

[Fig. 3] Fig. 3 is a block diagram showing a configuration 
of a prior art of a delta-sigma type fraction division PLL 
synthesizer . 

[Fig. 4] Fig. 4 is a timing chart showing time-dependent 
change in signals of respective parts of an accumulator and in 
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a division ratio of a variable divider in a prior art of a 
delta-sigma type fraction division PLL synthesizer. 

[Fig. 5] Fig. 5 is a block diagram showing a configuration 
of a delta-sigma type fraction division PLL synthesizer of 
Embodiment 2 of the present invention. 

[Fig. 6] Fig. 6 is a timing chart showing time-dependent 
change in signals of respective parts of an accumulator and in 
a division ratio of a variable divider in Embodiment 2 of the 
present invention . 

[Fig. 7] Fig. 7 is a block diagram showing a configuration 
of a delta-sigma type fraction division PLL synthesizer of 
Embodiment 3 of the present invention. 

DESCRIPTION OF REFERENCE NUMERALS 
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54 Overflow signal 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0028] 

Embodiments are described below with reference to the 
drawings . 

[ Embodiment 1 ] 
[0029] 

A delta-sigma type fraction division PLL synthesizer of 
Embodiment 1 of the present invention is described below with 
reference to Figs. 1 and 2. 

[0030] 

As shown in Fig. 1, in the delta-sigma type fraction 
division PLL synthesizer, a reference signal f ref outputted from 
a temperature compensated oscillator (TCXO) 7 is applied on one 
input terminal of a phase comparator (PD) 3. Further, an output 
signal fo of a voltage controlled oscillator (VCO) 1 is 
frequency-divided by a variable divider 2 and then outputted 
as a signal fdiv. The signal fdiv outputted from the variable 
divider 2 is applied on the other input terminal of the phase 
comparator 3. As a result, the phase difference between the 
reference signal fref and the signal fdiv is detected by the 
phase comparator (PD) 3. Then, a voltage pulse having a pulse 
width corresponding to the phase difference between the reference 
signal fref and the signal fdiv is transmitted from the phase 
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comparator 3 to a charge pumping circuit (CP) 4. 
[0031] 

From the charge pumping circuit A, a charge pump output 
current Icp is outputted that can take any one of the states 
of discharging and suctioning of the current and the state of 
high impedance (Hi-Z) in response to the voltage pulse outputted 
from the phase comparator 3. The charge pump output current 
Icp is smoothed by a loop filter 5 constructed from a low pass 
filter, then converted into a voltage, and then inputted as a 
control voltage to the voltage controlled oscillator 1, 

[0032] 

As described above, the output signal fo of the voltage 
controlled oscillator 1 is frequency-divided by the variable 
divider 2 and then fed back as the comparison signal fdiv to 
the phase comparator 3. 

[0033] 

Thus, when the division ratio of the variable divider 2 
is expressed by [M+ (K/L) ] while the frequency of the reference 
signal fref is denotedby fref , the frequency of the output signal 
fo of the voltage controlled oscillator 1 (the frequency is 
denoted by the same symbol fo as the output signal fo itself, 
for simplicity) is expressed as follows. 

[0034] 

fo=[M+ (K/L) ] xfref ...(3) 

Here, M, K, L: positive integer values. 
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M: Integer part division ratio^ and 
K/L: Decimal part division ratio. 
The variable divider 2 is provided with: an integer 
division ratio input terminal for inputting a value- 8 of the 
integer part division ratio M; and a division ratio switching 
terminal for inputting a signal for changing the division ratio 
from M to M+1 or M-1 . This configuration allows the division 
ratio to be switched to M, (M+1) , or (M-1) . Specifically, in 
a usual state, that is, when a signal having a zero value is 
inputted as a division ratio switching signal, the variable 
divider 2 has a division ratio of M. Then, when a signal having 
a positive value is inputted as a division ratio switching signal 
to the division ratio switching terminal, the division ratio 
is changed into (M+1) . Further, when a signal having a negative 
value is inputted as a division ratio switching signal, the 
division ratio is changed into (M-1) . This realizes an average 
division ratio of [M+ (K/L) ] . 
[0035] 

Such changing of the division ratio can be implemented 
by an L-value accumulator 31 and 30 and an adder 29 that constitute 
a delta sigma section XI. That is, the L-value accumulator 31 
accumulates a value Kl (18) (Kl is an integer) . Further, the 
L-value accumulator 30 (L is a positive integer) accumulates 
a value K2 (19) (K2 is an integer) . Then, the adder 29 subtracts 
an overflow signal 17 of the L-value accumulator 30 from an 
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overflow signal 16 of the L-value accumulator 31, and thereby 
outputs an overflow signal 9. 
[0036] 

Here, the values Kl (18) and K2 (19) are set into respective 
values that satisfy K1-K2=K and have absolute values larger than 
a value K (K is a positive integer ) . Further, the overflow signal 
9 which is the output signal of the adder 29 is inputted to the 
division ratio switching terminal. 

[0037] 

As a result, when the overflow signal 9 of the adder 29 
has a zero value, the division ratio of the variable divider 
2 is set into M. Further, when the overflow signal 9 of the 
adder 29 has a positive value, the division ratio of the variable 
divider 2 is set into (M+1) . Furthermore, when the overflow 
signal 9 of the adder 29 has a negative value, the division ratio 
of the variable divider 2 is set into (M-1) . By virtue of this, 
the average division ratio of the variable divider 2 is set into 
M+ (K/L) . 

[0038] 

The L-value accumulator 31 generates an overflow signal 
16 when the accumulated value reaches a value L. Specifically, 
the L-value accumulator 31 is constructed from: an L-value adder 
22 that receives a fraction division ratio data Kl-value 18 as 
one input; and a data latch 24 for providing its own hold value, 
that is, a data latch output 20, to the L-value adder 22 as the 
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other input. The data latch 24 holds an addition output 26 of 
the L-value adder 22 in response to the reference signal fref 
or the output signal fdiv of the variable divider 2. In the 
L-value accumulator 31, its addition output value 26 increases 
by the Kl-value 18 in response to a clock (signal) equal to the 
reference signal fref or the output signal fdiv of the variable 
divider 2 . 

[0039] 

Similarly to the above-mentioned L-value accumulator 31, 
the L-value accumulator 30 generates an overflow signal 17 when 
the accumulated value reaches a value L. Specifically, the 
L-value accumulator 30 is constructed from: an L-value adder 
23 that receives a fraction division ratio data K2-value 19 as 
one input; and a data latch 25 for providing its own hold value, 
that is, a data latch output 21, to the L-value adder 23 as the 
other input. The data latch 25 holds an addition output 27 of 
the L-value adder 23 in response to the reference signal fref 
or the output signal, fdiv of the variable divider 2. In the 
L-value accumulator 30, its addition output value 27 increases 
by the K2-value 19 in response to a clock (signal) equal to the 
reference signal fref or the output signal fdiv of the variable 
divider 2. 

[0040] 

An adder 28 adds the outputs of the L-value adders 22 and 
23, and thereby generates an addition output 10. The addition 
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output 10 is used when a higher-order delta-sigma type fraction 
division PLL synthesizer is constructedby employing the present 
delta-sigma type fraction division PLL synthesizer. Thus, it 
may be omitted in the configuration of Fig. 1. 
[0041] 

According to the above-mentioned configuration of the 
delta sigma section XI, when overflow occurs only in the L-value 
adder 22, the division ratio becomes M+1 . When overflow occurs 
only in the L-value adder 23, the division ratio becomes M-1. 
Further, when overflow occurs in both of the L-value adders 22 
and 23, or alternatively when overflow occurs in none of the 
L-value adders 22 and 23, the division ratio remains at M. 

[0042] 

The delta sigma section XI is described below in further 
detail with reference to Fig. 2. Fig. 2 shows: the reference 
signal fref; the Kl-value 18; the output 20 of the data latch 
24; the addition output 26 of the L-value adder 22; the overflow 
signal 16; the K2-value 19; the output 21 of the data latch 25; 
the addition output 27 of the L-value adder 23; the overflow 
signal 17 ; the addition output 10 of adder 2 8 ; the overflow signal 
9; and the division ratio of the variable divider 2, in the case 
that the division ratio=K/L=l/8, Kl=5, and K2=4 . 

[0043] 

As described above, the L-value accumulator 31 is 
constructed from: the L-value adder 22 that receives the fraction 
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division ratio data Kl-value 18 and the output 20 of the data 
latch 24 and thereby outputs the overflow signal 16; and the 
data latch 24 that receives the output 26 of the L-value adder 
22 and the reference signal fref or fdiv. Further, as described 
above, the L-value accumulator 30 is constructed from: the 
L-value adder 23 that receives the fraction division ratio data 
K2-value 19 and the output 21 of the data latch 25 and thereby 
outputs the overflow signal 17 ; and the data latch 2 5 that receives 
the output 27 of the L-value adder 23 and the reference signal 
fref or fdiv. 
[0044] 

The adder 28 subtracts the addition output 27 of the L-value 
adder 23 from the addition output 26 of the L-value adder 22, 
and thereby outputs the addition output 10. The adder 29 
subtracts the overflow signal 17 of the L-value adder 23 from 
the overflow signal 16 of the L-value adder 22 , and thereby outputs 
the overflow signal 9. 

[0045] 

In the circuit of the prior art, in the case of setup of 
fref=200 kHz, L=8, and K-value (15) =1, the spurious component 
caused by the periodic operation noise of the L-value accumulator 
11 has 

Af =200 ]cHzx(l/8) =25 IcHz 
That is, a spurious has been generated at a frequency detuned 
by 25 JcHz relative to the output signal f o of the voltage controlled 
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oscillator 1. 
[0046] 

On the other hand, in the configuration of Embodiment 1 
of the present invention, in the case of setup similar to that 
described above, for example, Kl-value 18 =5 and K2-value 19 
=4 are set up. Here, the Kl-value 18 and the K2-value 19 are 
set into allowable large values (values having absolute values 
larger than the value K) that satisfy Equation (2) described 
above. By virtue of this, the detuning frequency Af of the 
spurious component caused by the periodic operation noise of 
the L-value accumulator 31 and the L-value accumulator 30 becomes 
large in comparison with the prior art case. This permits easy 
attenuation by the loop filter 5. 

[0047] 

Quantitative description is given below. The detuning 
frequencies Afl and Af2 of the spurious respectively generated 
by the cause of periodic operation noise of the L-value 
accumulator 31 and the L-value accumulator 30 in the case of 
Kl-value (18) =5 and K2-value (19) =4 become as follows. 

[0048] 

Afl =200 kHzx(5/8) =125 kHz 

Af2 =200 ]cHzx(4/8) =100 IcHz 
As seen from this, the detuning frequency of the spurious 
shifts to high frequency components in comparison with the prior 
art. Accordingly, the spurious generated by the cause of 
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periodic operation noise of the L-value accumulator 31 and the 
L-value accumulator 30 is attenuated almost completely by the 
loop filter 5. 
[0049] 

Further, in the prior art shown also in Non-Patent Document 
3, the spurious of low frequency range has increased when K/L 
of the division ratio has a specif ic value ( such as 1/2'') . However, 
in the present circuit, the Kl-value 18 and the K2-value 19 are 
both selected at values other than 1/2"* (m is an integer value) , 
so that an effect is obtained that the spurious of low frequency 
range is alleviated. 

[Embodiment 2] 

[0050] 

A higher-order delta-sigma type fraction division PLL 
synthesizer of Embodiment 2 of the present invention is described 
below with reference to Fig, 5. 

[0051] 

In the higher-order delta-sigma type fraction division 
PLL synthesizer, as shown in Fig. 5, a variable divider 2B having 
a division ratio switchable between M+3, M-i-2, M+1, M, M-1, M-2, 
andM-3 is provided in place of the variable divider 2 (Embodiment 
1; see Fig. 1) . Further, in order that a division ratio switching 
signal for the variable divider 2B should be generated, a first 
delta Sigma section XI, a second delta sigma section X2, a 
distributor 51 , a differentiator 52, and an adder 53 are provided 
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in place of the delta sigma section XI (Embodiment 1; see Fig. 
1) . The other points in the configuration are similar to those 
of the configuration of Fig. 1. 

[0052] 

The first and the second delta sigma sections XI and X2 
in Fig. 5 have the same configuration as that shown in Embodiment 
1 (indicated by numeral XI). Further, the distributor 51 
distributes the value K inputted to the second delta sigma X2, 
in accordance with the condition shown in Embodiment 1. The 
input value K to the second delta sigma section X2 is the addition 
output 10 of the first delta sigma section XI. That is, the 
addition output 10 is distributedby the distributor 51 as follows, 
and then inputted to the second delta sigma section X2 . 

[0053] 

The distributor 51 distributes the addition output 10 into 
a K3-value 33 and a K4-value 34. The method of distribution 
is similar to that of Embodiment 1. That is, "K3" and "K4" are 
set into values (integers) that satisfy "K3"-"K4"="addition 
output 10" and that have absolute values larger than the value 
of "addition output 10". Here, the purpose of setting "K3" and 
"K4" into values larger than the value of "addition output 10" 
is to avoid the spurious of low frequency generated when "K3" 
and "K4" are small as described above. However, "K3" and "K4" 
need not necessarily be larger than the value of "addition output 
10". 
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[0054] 

An overflow signal 54 which is the output of the second 
delta sigma section X2 is differentiated by the differentiator 
52. Then, the output of the differentiator 52 is added by the 
adder 53 to the overflow signal 9 which is the output of the 
delta sigma section XI . Further, the output signal of the adder 
53 is provided as the division ratio switching signal to the 
variable divider 2B. 
[0055] 

Here, as shown in Fig. 2, the overflow signals 9 and 54 
of the delta sigma sections XI and X2 change, for example, as 
.,.0, +1, -1, +1, 0.... When each signal is differentiated, that 
is, when the difference is acquired between two consecutive 
values, ...1, -2, +2, -1... is obtained. When the differential values 
of the overflow signal 9 and the overflow signal 54 are added 
to each other, the maximum value in the addition results in the 
combination of the respective values is +3, while the minimum 
value is -3. Thus, in the variable divider 2B, in response to 
the addition result inputted from the adder 53, the division 
ratio is switched into any one of M-i-3, M+2, M+1, M, M-1, M-2, 
and M-3 as described above. 

[0056] 

As a result, in Embodiment 2 of the present invention, 
a "MASH" is constructed in which a plurality of delta sigma 
circuits are interconnected. This provides an effect similar 
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to that described in the above-mentioned Non-Patent Document 
2, and is hence advantageous in noise reduction. 
[0057] 

Embodiment 2 has been described for a example of 
configuration of second order. However, as shown in Fig. 1, 
a configuration of "n-th order" may be employed by using n delta 
sigma sections Xl-Xn in a similar manner. As a result, a 
delta-sigma type fraction division PLL synthesizer is 
constructed that has the. characteristics of low noise and low 
spurious. In Fig. 7, numeral 101 indicates a distributor, while 
numeral 102 indicates each of n-1 differentiators, and while 
numeral 103 indicates an addition output. 

INDUSTRIAL APPLICABILITY 
[0058] 

A delta-sigma type fraction division PLL synthesizer 
according to the present invention is applicable to mobile 
communication devices such as a portable telephone that require 
the effect of low spurious. 
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